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Abstract 
Inter-cell interference greatly impairs the capacity of CDMA system. 4G era is coming with much severer inter-cell 
inte-rference, and it's important to find a good solution to inter-cell Interference cancellation. In this paper, the semi-
blind Hebb-PPIC Multi-User Detection˄MUD˅ algorithm which applied in the CDMA uplink is proposed. This 
approach fully utilizes all known users’ information, performs Hebb-PPIC detector to suppress the int-erferers within 
the cell, and exploits the blind detector to suppress the inter-cell interference. Simulation results demonstrate that the 
proposed Hebb-PPIC semi-blind algorithm offers substantial perfo-rmance gains over the blind multi-user detection 
methods, and the Multiple Access Interference and Near-Far effect can be suppressed effectively in a CDMA uplink 
environment.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.  Introduction 
The CDMA system assigns a spread spectrum code to every user so as to separate their signals, and 
the signature codes  are non-ideal orthogonality, additionally, every user has different transmission delays. 
When user signals arrive at base station or mobile terminals, multiple access interference (MAI) will 
emerge inevitably. Therefore, the concept of multi-user detection (MUD) has been proposed, which 
considered the intrinsic relation between the signals of all users, it can eliminate or weaken influence of 
other users on the impact a particular user, and can also eliminate or weaken the effect of MAI, multi-
path interference and “near-far” scenario to improve system performance and increase system capacity. 
This paper takes DS-CDMA signal as background to investigate this basic problem in the CDMA 
communication. 
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Considerable recent research in the field of multi-user detection has been focused on the blind 
adaptive multi-user detection. These blind methods are especially attractive for the CDMA downlink 
transmissions, where the receiver only knows its own spreading sequence. However, in the uplink, the 
base station receiver has the knowledge of the users within the cell, but not that of the users from other 
cells. Recently, a number of linear and nonlinear semi-blind detectors were developed for CDMA system, 
which improved the blind method by taking into account the knowledge of the spreading sequences of 
other users within the cell[1,2,3]. A blind adaptive multi-user detection didn’t use the fact that the 
spreading sequences of the users in the cell are known at the base station. The perfor-mance of this 
detector can be improved by exploiting the known information[4]. Motivated by this, a new semi-blind 
Hebb-PPIC multi-user detection algorithm is proposed for the CDMA uplink. Simulation results show 
that the proposed semi-blind Hebb-PPIC multi-user detection can offer better performance in signal-to-
interference-plus-noise-ratio (SINR) and bit error rate (BER) than the blind and non-blind methods  in the  
CDMA uplink environment. 
2. System Model 
Consider a synchronous spread spectrum communications system with the users transmitting through 
an additive white Gaussian noise channel. The user population consists of K users with known codes, 
and K  users with unknown codes. 
As we consider synchronous systems, it is sufficient to consider a single symbol interval [0,T], where 
the received signal can be written as: 
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where ks is the normalized code waveform of the k’th known user with support in> @0, T , ks  the 
waveform of the k’th unknown user, kb , kb are the transmitted bits (±1),  kA , kA the amplitudes and n 
white Gaussian noise. We assume that the codes are given by chip codes, 
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 ¦ ,where ikc {1, 1},and \ is the chip waveform, and similarly for the 
unknown users. A sufficient statistic for the received signal is therefore the output of a chip rate sampled 
chip matched filter, and we can write this statistic on vector form as: 
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where > @1 2S= s s s"澤 澤 澤 K , 1 2S= s s sª º¬ ¼   "澤 澤 澤 K ,The correlation matrix of r is given by 
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We will assume that all codes, of both known and unknown 
users, are linearly independent, so that ª º¬ ¼
S S has full rank. 
Furthermore, the eigenvalue decomposition of R can be written as˖
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where  1, ,O O ! Kdiagsȁ , 2O V!i contains K  thelargest eigenvalues of R in descending order and 
> @1 " Ku usU  contains the corresponding orthonormal eigenvectors;
 1, ,O O   ! Kdiagsȁ  2O V!i  contains K thelargest eigenvalues of R in descending order and 
1 Ku uª º ¬ ¼sU   "  contains the corresponding orthonormal eigenvectors; 
 
2V   N K KInȁ , 1 ª º ¬ ¼ " NK Ku unU contains the    N K K orthonormal eigenvectors that 
correspond to the eigenvalue 2V ,The range space of  sU , sU is called the signal subspace and its 
orthogonal complement, the noise subspace, is spanned by nU .
3.  Hebb-Ppic Model 
Hebb learning rule is based on Hebb assumption: when an axon of cell A is near enough to excite a 
cell B and repeatedly or persistently takes part in firing it, some growth process or metabolic change 
takes place in one or both cells such that A’s efficiency, as one of the cells firing B, is increased. 
Hebb assumption means that if a positive input pj results in a positive output ai, wij should be increased, 
which is a kind of mathematics explanation for it, i.e., 
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also simplified as 
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where pjq is the jth element of the qth input vector pq, aiq is the ith element of network output when the 
qth input vector is entered into the network andD is a positive constant called as learning rate. 
It should be noticed that based on (5) Hebb assumption can be expanded as follows: the variation of 
weights is proportional to the product of active values from each side of synapse. Therefore, weights will 
increase not only when pj and ai are both positive but also when they are both negative. Besides, Hebb 
rule will decrease weights as long as pj and ai have opposite signs. 
The decision variable at stage 1(output of MF) in conventional PIC is: 
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where ikU  is the correlation coefficient between spreading codes of the ith user and kth user. The output 
after decision is 
]sgn[ˆ )1()1( ii rb  , Ki ,,1! .                      (8) 
The decision variables of the following stages (interference cancellation stages) are 
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and the corresponding decision outputs are 
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The decision variables at interference cancellation stages in PPIC with ICF are 
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where )(miw  is the ICF of the ith user at stage m.
Apply recurrent neural network based on Hebb learning rule to adjusting )(miw [5]: 
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where 1)1(  iw , Ki ,,1! , )1,0(O is the learning rate and saturated linear function satlin is used to 
assure the convergence of learning process. 
Simulation 1 (in DS-CDMA system): number of users 5 K ; number of stages m=5;
12  V ; 32 N ;number of test bits Nb=1000; 20/1 O . The BER curves of MF detector, PIC and Hebb-
PPIC detectors (at stage 3) versus SNR are given below: 
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Fig. 1 The BER curves of MF detector, PIC and Hebb-PPIC detectors (at stage 3) versus SNR under ideal power control in DS-
CDMA system. 
From Fig. 1 we can see that the BER decreases all along with increasing of SNR and moreover, the 
BER curve of Hebb-PPIC is under those of MF and PIC all the time. Especially when SNR is low (not 
exceeding 4dB), the BER of Hebb-PPIC is 1 to 2 percentage points lower than MF and 0.5 to 1 
percentage points than PIC, which indicates that Hebb-PPIC performs better in noisy communication 
environment. 
Simulation 2 (in DS-CDMA system): 10 K ; dbAA ws 5/  , sA and wA denote amplitude of the strong 
users and weak users respectively; m=5; 12  V ; 32 N ; Nb=1000; 20/1 O . BER curves of weak user 
group and strong user group versus SNR are presented as follows: 
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Fig. 2a The BER curves of PIC and Hebb-PPIC detectors versus SNR under “near-far” scenario in DS-CDMA system (the weak 
user group) 
From Fig. 2a and 2b we observe that the BER of Hebb-PPIC and PIC is decreasing all the time when 
SNR is increasing and the corresponding curves of Hebb-PPIC is under those of PIC all along for both 
user groups. Especially for weak users the BER of Hebb-PPIC is 4 to 6 percentage points lower than PIC 
while it is 0.5 to 2 percentage points for strong users, which shows that Hebb-PPIC detection can be able 
to reject “near-far” effect more efficiently. 
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Fig. 2b The BER curves of PIC and Hebb-PPIC detectors versus SNR under “near-far” scenario in DS-CDMA system (the strong 
user group) 
4. Semi-Blind Multiuser Detection Based On Hebb-Ppic 
In this part, the Hebb-PPIC algorithm is applied to semi-blind algorithm to improve the accuracy of 
judgments.  
Semi-Blind Hebb-PPIC Multiuser Detection Algorithm: 
1) Firstly, exploiting Hebb-PPIC detector to suppress the interferers within the expectation cellDV
IROORZV
 1, ,   ¦ !
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k k k
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Through this step, eliminating the impact of users within the expectation cell, get the received signal 
component which only contains the inter-cell interference and channel noiseDVIROORZV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2) Using the rank estimator[6], estimates the number of  the inter-cell user K :
This step is for the isolation between the user inter-cell signal and channel noise. Rank estimation 
accuracy has a great influence on system performance. 
3) The output signal r  containing inter-cell interference is sent into subspace tracker, which uses 
adaptive subspace tracking algorithm to extract real-time signal subspace eigenvectors and eigenvalues
>  sU  sȁ @.
4) Using obtained>  sU  sȁ @, the final blind detection decisionFDQEHZULWWHQDV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5. Simulation Results 
We consider a synchronous DS-CDMA uplink system, where K  5 users with known codes are in the 
cell, SNR = [10 20 20 15 10], assuming the first SNR corresponding to the expectation user; while K  8
users with unknown codes are from the other cells, SNR = [10 20 10 10 30 30 30 20]. Horizontal axis 
represents the iteration number, vertical axis represents the SINR.  
Firstly, the performance simulation of the static channel is considered for semi-blind multiuser 
detection. The number of users of the system is fixed in the static channel situation. 
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Fig. 3 The performance comparison of semi-blind multiuser detectors in static environment 
Figure 3 displays the SINR performance of the two algorithms versus the number of iterations where 
the SNR of user 1 is 10dB. It is observed that the proposed semi-blind Hebb-PPIC algorithm has the 
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similar convergence rate to the semi-blind decorrelating algorithm. However, the SINR of the proposed 
semi-blind algorithm is about 3dB higher than that of the semi-blind decorrelating algorithm. 
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Fig. 4 The performance comparison of semi-blind multiuser detectors in dynamic environment 
Secondly, the performance simulation of the dynamic channel is considered for semi-blind multiuser 
detection. The number of users of the system is changing in the dynamic channel situation, which can be 
seen as interfering users are randomly enter and leave the system. where K  5 users with known codes 
are in the cell, SNR = [10 7 8 9 10], assuming the first SNR corresponding to the expectation user; while 
K  8 users with unknown codes are from the other cells, SNR = [12 13 15 10 9 10 20 20]. The last three 
SNR stand for interfering users randomly entering and leaving the expectation cell. While iteration = 
2000, the three users enter the expectation cell; Iteration = 4000, the three users to leave the expectation 
cell.
Figure 4 displays the SINR performance of the two algorit-hms versus the number of iterations where 
the SNR of user 1 is 10dB. It is observed that the proposed semi-blind Hebb-PPIC algorithm has the 
similar convergence rate to the semi-blind decorrelating algorithm. However, the SINR of the proposed 
semi-blind algorithm is about 2dB higher than that of the semi-blind decorrelating algorithm. 
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Fig. 5 The BER comparison of semi-blind multiuser detectors 
Simulation parameter is set DVIROORZV: the number of users k = 13, the inner-cell users k1 = 5, MAI 
= 20dB; the inter-cell users k2 = 8, MAI = 20dB, the data length L = 500. The user 1 is the desired user, 
the SNR is 0, ..., 25dB.  
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The BER performance versus the SNR of user 1 is plotted in Figure 5. It can be seen that the semi-
blind Hebb-PPIC multiuser detection has better performance than the pure blind algorithm (PASTd 
algorithm) and non-blind algorithm (PIC algorithm). 
6. Conclusions 
In this paper, a new semi-blind Hebb-PPIC multiuser detection algorithm is proposed for the CDMA 
uplink. The proposed algorithm has integrated the Hebb-PPIC algorithm and subspace tracking algorithm. 
The performance of the proposed semi-blind Hebb-PPIC multiuser detection is improved by exploiting 
the knowledge of all known spreading sequences. The simulation results show that the proposed semi-
blind Hebb-PPIC multiuser detection algorithm performs better than the blind multiuser detection in 
terms of SINR and BER, and has low computational complexity. 
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